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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable the drawing of a fiber at low 
temp, and to decrease the optical transmission loss by forming a clad 
layer around a core part in such a manner that the clad layer has 
lower refractive index than the core part. 

SOLUTION: The clad part formed around the core part 1 is a glass 
region with addition of fluorine and the like and having a controlled 
refractive index. The clad consists of a first clad 2 having 4-20μm 
outer diameter (a part of the optical clad), a second clad 3 formed 
around the first clad (to constitute the optical clad with the first clad) 
and a third clad 4 having 80-150μm outer diameter (which 
constitutes the physical clad). The third clad 4 is a glass region tightly 
formed around the second clad 3 and has lower glass viscosity than 
the second clad 3 when the fiber is drawn. Especially, the third clad 4 
is such a glass region that impurities are added to control the glass 
viscosity at a specified temp, (for example, drawing temp.). 
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7-fn*««ft5«Lfc. -5" LT. *&3IS|<7)?l7j£9. 8 
kg/mm 2 tu AO, IH3liSSe-£fc:LT*7 7» 
-f/Wtt*«§IL, 2a=2. 25 /zm, 2b = 7. 5 
li m. 2 c = 3 9 Xim07i'«««7 7"f/ , C*^«Lt. 

t#e>n£&#&«{t7r-rA*ro. mi. 5 5 tf 

mWftiCfcf-f 37i-i&4Stttt. «fi7J-»ffl*»- 1 4 4 p s 
/km/nmX"*0. M7n-r*<-0. 45ps/ 



Woiff$7o 7 7-f ^*St0X* 0 , SjRijio 
a. 2 0 a. 3 0 a. 4 0 alffllO)Htl 0, 2 0. 
3 0. 4 0l:fnfnSJSLXU5. Lfc^x. 09 

\ZTK^ntzm^myay yovw&mt. 11077^ 

fc. ®S»T*7"D7 7'<;UC0^$Att. ^S^tf^X* 

[0 0 3 8] COS lfgMWciStt-SziT' 1 . RZtmi 

~SS3?yy H2~4«, £tT<0J:3lc«fiS$nTH 
4. 
[0 0 3 9] 

G e O 2 #f3TSfigsJ0 (a»f^HtfiD) StlfcS i 0 2 ^7X 

X 7 X«Stt*«Bt* 2i7yyK3«fc0t>i£<^-5J:^$ijffli$n 
fcS i 0 2 #77. 

km/nm'TJ'S, 

[0 0 4 0] ±J£Lfcfta jc5iStT4»|R»«7 7 

[0041] aioc/Tsnfc^^cft^x. 

ftSBiBLTt^j:H1Se*©73 > tt»«7 7-f A (AJ = 0 
% : JB3^5y KWft5^# 7 x) T?tt. 7^yXlfi14 
«fc0ii!SW2 0 0 OtgSx-^ILX^ 
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50 



-5. -73. A J =- 0. 4%©ig-&iC«l 8 4 OtJ 
ft. AJ=-0. 7% C7ySt^JDS: 2wt%) O^ 
^iC«l 8 2 OTCggi:. ^3 777^41:^577 



(7) 



it 



11 

LfctfoT. C©J:3ftJS3 0 5y K 4 4fA5 d £ ic 
[0 0 4 2] ft*. EOfC. «»5^5^fe:»r*7 

(0 0 4 3] mm 2 



#BS¥9 - 1 2 7 3 5 4 



12 



tt. A + =2. 6%, A" =— 0 . 35%. A P = 0 % 
£U iJ©Ii&, 0%. -0. 1%. -0. 3%, - 
0. 5%. -0. 6%, -0. 1 % t.^.7Ltd^M<r>-7 
7-fA*#ftft3»L;i. fix. *?I«S©«7j£9. 8 
kg/mm 2 tL, z>o, *Sl3ljSg£— bt#7 7 
-fAW^IL. 2a = 2. 6 Mm. 2b = 8. 8 m 
m. 2c = 4 6iim©Mffif 77'TA , ^SSLt. ft 

f#6n/ts»»ffi«7 7'-r/\-o. ttfti. 5 5 

1 o o P s / 

kra/nmT-»D, M^n-7A<-o. 2ps/km 
/nm ! T?a65, 

(0 0 4 4] ±iEL7t#A j e>m&&-rzftmffim7 7 
[0045] cci^t,, ±iBUfcsnii |R 

[0 0 4 6] H&3 



3MH#SH. filTOjfcfrTJB 1 *16«fi| (El 9) 

tt, A*=2%. A" =-0. 35%. 4P=0%t 
b. AJ<D{g£, 0%, -0. 1%, -0. 2%. - 
0. 3%. -0. 5%. -0. 6%. -0. 7%<t^^. 

77£ 9. 8 kg/mm 2 tV. i^liSg^—- S<i 

a = d ym, <J b = 1 
OMm. 2 c = 5 3 fim©^M®7 7-f A^SL 

5 Mm<7>7t{CftT£#ftM#tt«;, »fi*HRflta<- 8 5 p 
s/km/nmT-SO, ^Xd-7"^-0. 2ps/ 
km/nm 2 Tr^-S). 

[0 0 4 7] ±ifiUi«-A J ©f^n^l!ffif7 7 
<A'ril;. tgi. 5 5 m mWpttc^-T^^ejMJi^ 

[0 0 4 8] CfflS^fc, ±aLtStlWHS2t* 

=>7 1 :GeO.*tBfS« 



[0 0 4 9] 

*4'Ttt. AJ=-0. 35%tU -e©ffi(73ffltt. ± 
Jfi L fc %tt 1 TfPSi b 7 7 -f £ m - co^tf £M 

10 «77-TA'$MLt. ft*. 11311 

77rt!C.Kfil. 5 5 umcomzMT^m ^tlltftm 

[0 0 5 0] ^1 3t*Sftt^?7i>5. 
-5. fct'L, 1 6 kg/mm 2 £S*.-57C^ftSg7J \Z «fc 

i:2) 5 I$Ll*. Sf± l. 0dB/km«tOfcfU 

20 *T**iii**a*i / i,». cms****.. 77-fA* 

*ftt. 4 kg/mm 2 Ki, ±0!!f$L<(J5kg/ra 
m 2 HiTSoT 16k g/mm 2 £iT»!g7j L 

[0 0 5 1 ] #%CDfcJ6. il4l:, v $ 1 0 

Om/m i n Lfcfc^lcfcW*. 

-f A^ftofgittt. 1 co^-g-ifHi-T^-a (aj = 

-0. 3 5%) . Z\<Dffl&l,Z, 7 r^ASWg, *p 

•ortffi. «H«*icj:07c*<eftr*fc«>. cine.© 

ft*. 4(C^$tl7t^^|?S^<h^?| 

^■r-5t)<7)T-ttft^„ 

[0 0 5 2] 2 jEftfll 

Hl5SIIf»T»Wt«. ft*. Hi 5»^ttJRl 

0b. 20b. 30b. 4 0 b fill 1 (D^M 1 0 . 2 
40 0. 3 0, 4 Ofc-tn-eftfcfffrLT^-S. LtiibT, 
® 1 5{C^$ntJSSf^7"D77"f El 1 03 

[0 0 5 3] Cl(7D^2||j5gCT(Zi3tt-2>=l7 1 . Rtfljl 1 

~^3i7 7-> K2~4I1 fiiTW.fc'SlclBJjJcSftT^ 
-5. 

[0 0 5 4] 
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1 ^7 7 7 h* 2 
3?77K4 
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-^2 t±ie Ltzm i nafiffii iflD*ja±ojsa 

m 3 * 7 7 H 4 fcSJosns^Fttttd^a^S^T'* 

[0 0 5 5] JWM&Stt, KT^ffTC^2^j 10 

it. ftttMfCtt, A + =2. 1%, A"=-0. 35 
%, AP = 0%tU AJWf^ 0%, 0. 03%, 
0. 0 8%, 0. 12XtSxt«*i<07r-fA«tf 
£f£KL7to *3IBS<OB*y£9. 8 kg/mm 2 

3IU 2a = 2. 75/im, 2b-7. 9 Mm, 2c = 

t#»»I«7 7</^, jEfil, 5 5 MmO^C^fT 
*»««rtttt. 8fi»»«*«-8 5ps/km/nmt? 20 

2ps/km/nm 2 T-S* 



7 7^1S1SJd (JB#r*tt(ftT) SnfeS i0^7^ 
7X«tt«2*77 F3 £0 fc«<**j;3«wsnt 

S i 0 2 #7X 

c o o 5 6 ] a 3 mmm 



Bl6Sffl^TRiJBt5, Bll6tt3jK$Rl 

*J6* | J^H»f*7 r D7 7-f;u*S"ria"c*o, 

0 c , 20c, 30c, 40c ttH 1 10,2 

o, 3 0, 4 ot-tn-enw^LTir^. it^r, 

7 * * S2p t l, ft it jb #r £ at f . 

[0 0 5 7] C©*3HJ6«fC45W-5zi7' 1 . 1 
[0 0 5 8] 



^1*77 K 2 ; 7y*d^S*asJp (JBSf*«i5T) SttfcS i 0 2 #7X 
*2*77 K 3 : lfi*a*j?f£»8fln£*l (JBJFf*«*|Jo) , iR?|BSfc45tt-5 



3 * 7 7 K 4 



com 3 ntfem t±m Ltcm 1 t o[)#iiB±<oi8« 

tt, SB 2 * 7 7 K 3 ^ta»3&f*Jp$nTH^j«T*5, 

dofg^(CcfcoTfe^^|^co^7^#Att^{gT^^^c: 

t^teTSS. ^2*77K3«5^77T^ 
«BlfttfJB2*«6«) , *?|B*c45^t, HS3 
*7-y K4 e fcDt)^77«tt(7)g^gg2^77 K3tC 

3 *«8SOTO«J56fr4ifi-5aJ!H£)»ife-r-s. Sfc, ^2*7 

JDS-e-SW^SiS^T^Ott, S 1 * 7 y K 2 C!)fflJr$ 
*(£TS-&-5ttt)(cS2 *77 H3^)JBSf**itaDe 
*T»»1RCX*2*77 KM 2, 3 <Z)B#r«&«Nni 
T^dtJCcfcO, EH 1 6^S}/f^7n7 7-f;U4><£>£J^ 
ffi^A (Hl<Z>:J7'SmcffiS-rs««10c, HI© 
*1*77 H2KfflMSTS««2 0 c. affBl©»2 
*7«y K3lcffiST*««3 0 c%gfir$7D7 7< 

•to, SR»(IJ[*«7 7< AO^ftfifttSS 6 ICSST 



30 



S i 0 2 #77, 
S i 0 2 #77. 

[0 0 5 9] «W*S»4, &T<&*frT£<0JB3 5Sffi« 
(HI 6) <7)«ii*«*fc»»M«7r-f A*ttfpL 
to ^MfZte, A + = 2. 1 %, A" = - 0. 3 5 
%* AP=0. 08%£U AJC9fit£, 0%, -0. 
04%, -0. 1%, -0. 2%, -0. 35%, - 
0. 5%, -0. 7X£3gAfc»»*<0:7 7</1*»fc 
ffSi^t Sfc. UMIRrt0S67j£9. 8 kg/mm 2 <fc 

L, 2a = 2. 8um, 2 b = 8//m, 2c=46^m 

o»ft««77</^8i/t. f#bnfc&#& 

M{£7 7-fAco, Rfil. 5 5 MmOJtelca*T<5$*«1$ 
ttfi, 8fi»»I)S^10 1ps/km/nmT®!3, 
»tt^n-7 r *«--0. 2 5ps/km/nm 2 TS^ 
[0 0 6 0] g 4 ggjfefr] 
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Od, 20d, 30d, 40d \tm 1 ©ffi® 10,2 
0, 3 0, 4 0i:tnfn^Ltl^ a Lfc^T, 



(9) 



IS 
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3 T 1 

^ 1 i7 7 -y K 2 
2?5y K3 



3^7y N 



4 ^3£0iJ <t _b£tf U 7ig5 3 IfcSgflJ <fc £>«ig± WHS 
3 9 z> y H 4 »=Sln$ftfc^««|i<S<c5j«Ka& 

-5. TfcfcS. cw^4Hj5g0iJ-Tr}i, ^2i77^S-3i 
{C^(73^-&. SB2fttfJR3*5y H*3, 4<Z>a3IR(c& 

CO 0 6 3] Sg9l#5tt. «TfiDftfr-CC©JB4*J6« 

(01 7) W«i£^fiix.Ac»liM«7 7"rA-^^L 
fc. M&ftfCtt. A" = 2. 1 %, A" =-0. 3 5 
X. AP = 0. 08%tU AJ<73<B£. 0 X. 0. 0 
3%, 0. 08%. 0. 12%if^gtlfl) 77 ^ 
AS#£fESJL£. St. £|§|B#<Z)?S7J£9. 8kg/ 
mm 2 iU io. JS?IIg^-ttL T § 77 ^ A - f 
2a = 2. 7 tf m, 2b = 7. 7 U m. 2 

c = 4 6 umv>fmmiKy7'(rt&ftsiLi£. ac*. » 

*tf *#tt#tttt. i o 1 p s/km/ 

nmTSt), M7D-7^-o. 3ps/km/nm 

CO 0 6 4] -tmLfz&A J (D{&ZGTzft& mm y 7 
-fA'^ii:, SSi. 5 5 u m<7D7tic5W-r-57tfgjM*^ 

SMSttiSftSH 1 8 tc^-t. d C9H l 8 icssnt 

CO 0 6 5] 569i*fcK. ±i£LAcl?S2J^jcD 

CtSttigLifc. ±id!LAc^3||^ 

7 (cBs-a-r « d i twig ufe. 

CO 0 6 6] 



20 



* (0 0 6 1] zoi^i^nmwizinfiuyi, Rzfmi 

-5. 

* CO 0 6 2] 

S i 0 2 #7X 

^ ^tttt**ffi»5^/f ^ X J: 0 fcfc < ^ 4 «k 5 »p $ tlf- 
S i 0 2 «7X 

7 X K tt^TJSrJEfl* C*J -S 7? 7 X ttft s»ftTf -5 J: 
3M»;*ftfcjB 3^77K4$S2^77K3 ©^ffiijic 

Geo 2 ^maLrz^^y^mmmyT-f/^^mmr 

■5. 

CUffiWfg^ftStBj] 

(X) tOHfftjRty7 7TJ*4. 
[H 4] SB2^5y K©^S*tiit*fcoTSU«:*% 

JB5] KfPUfe^ttMftTy'fAOWift&acifiWtt^ 

tkTH^T*^ (A*=2. 5%C0^-&) . 

ElgT&S (A'=2. l%<nW,S) . 

C@9] d<0»^{c««»»»«7 7-f/tODjBi^Jfi«ij 
[010] gfft i -cttfESttfcJH 1 3IJ6«iJ<J!)«-»HI«7 

SI^-144ps/km/nmT*0, 7>SS[^D — y 
^-0. 4 5ps/km/nm ! tJ5. 
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Iftli'-lOOps/km/nmT*?. 73-»7nO — ;/ 
#*-0. 2ps/km/nra 2 TS'5, 
IB 1 2 ] %M 3 -eKtfsSn&JB l SEflOMift? 

»M-8 5ps/km/nm'r*5, Wfo*u—7tfi 
-0. 2ps/km/nm 2 fS5, 

7TS-5 (H<&4) . 
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(015] d©3e^K:ffi*»ttMflr 7T -f/xo ! )jB2 

#J <Z> H iff * 7" □ 7 t -f ;P £ ^ 1" H T £, 5 . 
(SI 6] Z<D%Bjaz&Zft&ffifty y ^ y N -05^ 3 

(018] a^*nfcjB4*js«<o«-tti i iifl| 7r - fAC 

OUT. A J (M5^7XSI¥tLtg3i77 7 

(0 1 9] fl£*<o»»«l«7r-fA0D*ift&af^nt:» 

3^77 K 



[01] 



(0 2] 




125 Aim 




*" ' 02 



«fina (wt%) 



[0 3] 




1-5 2.0 25 3.0 

astasias [wt%] 



(ID 
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CH4] 



[17] 




Eft 



E5« 



n 



1 1 



210 



21 



310 



Hz3r 



31 




[0 8] 



[0 9] 




lOaOO) 
20a(20) Mill 20a(20) 




« 



(13) 
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[BIO] 



[011] 



2000° C 




I820°C 



-Q2 -0.4 -0.6 



-as 



to 

^ s 

6\ 
-ffl 



1.5 
LO 

05 



-0.2 



-0.4 



-C6 



-0.8 



A J [%j 



[Hi 2] 



s\ 

uD 1 — ' 

3Slg 



1.5 



1.0 



Q5 



-0.2 



-0.4 



-0.6 



-Q8 



A J [%] 



in -13 
«3 1 — ' 



[0 13] 



1.3 
1.0 
0.5 



\ 



\ 



4 6 8 O F2 14 16 18 20~* 

[kg /mm 2 ] 



[0 1 4] 



0 18] 



rtn 
3 




1800 



8 



tO 12 14 |6 

8919* [kg >mm2] 



(6 



K» 

ic 

12 

lO CD 

.« LO 

**a as 



Si 



0.2 



0.4 



0.6 



08 

[A J %] 



(14) 



- 1 2 7 3 5 4 



[HIS] 



fObOO) 




mi 6] 

IOc(lO) 



i 40c(40) 



* 

AJ 



^ 0 — _ . 



20c(20) i |\ 


J 


)20cC20) 1 


3Gc(30) 






r 


^_30c^f30) 






i 








40cf40) 



\25fim 



[0 17] 



lOd(io) 



—a 
-> 

AJ 
Sr 

* O 



1 1 
1 1 


. 1 
A + 

A 


~2t — ff — 



a5 

1 


t-- , 



20dC2Q)| |\l |20d(20) 

\ / 3Od(30) 



40<J(40) ' 



{ AP ^AJ 



*< — 



ULi 



2c 



125/im 



■ 
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t 

i 

[B19] 




D59£49 



10^10^290 
# It if ft f 



10 0 0 8 8 15 5 



¥J& 1 0^1 0^29B 



1 #ftM 0 9 8 YO 4 1 0 5 9 8 0 0 6 9 1 2 6 8 #M¥l 0 -3 0 8 6 7 8 



